Abstract. Transition radiation from an ultrarelativistic particle flying out of the crystal surface at an arbitrary angle is considered. The expression for the spectral-angular density of radiation in the high frequencies has been obtained. The dependence of the resulting radiation distribution depending on the directions of the crystal main axis relative to the surface and the angle of the emission particle velocity is investigated.
Introduction
Transition radiation arises when a charged particle is passing through an interface between two media. Polarization currents that are produced in the material by moving charged particle field are the transition radiation sources. Usually transition radiation is considered in the frames of macroscopic electrodynamics when boundary conditions at the interface between two media is used [1] . If we use boundary conditions when surface shape is complex, it leads to the calculating difficulties. However, in the high frequencies area ( ) 
when the radiation field frequency is much more higher than atomic frequencies and wavelength more than the atom size, so the permittivity ( , ) 
E r
, that is produced by a charged particle in medium by the field 0 ( , ) ω E r , that is created by the same charged particle motion in a vacuum. In this approximation, medium boundaries are taken into account as boundaries when polarization current existence and at the same time boundaries conditions for the fields are automatically satisfied. If linear approximation by 1 ( , ) ε ω − r is used, it makes consideration of the transition radiation from complex surface much simpler. In general, transition radiation from interface between anisotropic medium and vacuum depends on the crystal surface orientation. It is of interest to evaluate the high frequencies transition radiation intensity when a fast charged particle shoot through from a uniaxial crystal.
Polarization currents in uniaxial crystal
It is known [7] that considering monocrystal to a crystal optics approximation one should take into account orientational ordering of crystals molecules and neglect the positional molecules ordering. So, in the crystal optics approximation the crystal is considered as an anisotropic homogeneous medium. The unit vector e is the vector that shows the direction of a uniaxial crystal principal axis.
Then we can write its permittivity in the crystal optics approximation as:
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In frequencies region equation (1), permittivity distinction from unity is small, i. e.
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Inequality equation ( 
E r
are connected with permittivity by the ratio:
where
In the high-frequency region Fourier transform of the polarization current density is proportional to the small difference equation (3) . Therefore, in the first approximation it is possible to replace in equation (4) exact value of electric field in medium ( , ) ω E r the electric field 0 ( , ) ω E r of a charged particle in a vacuum:
In an isotropic medium the Fourier transform of polarization currents density is:
Comparing equations (5) and (6) it can be seen that for the same medium geometry and the same particle motion Fourier transform for polarization current density in a uniaxial crystal ( , )
is is δ ε ω − is connected to Fourier transform approximation of polarization current density in an isotropic medium with permittivity ( )
In the linear approximation by ( ) is is δ ε ω − polarization current density equation (5) can be assumed to be known, so, the problem reduces to finding the polarization current equation (6) . The angular and frequency radiation distribution in vacuum is created by a current ( , )
It followed from equations (3) and (5) 
The contributions of each of these parts depends on the monocrystal surface orientation relative to the crystal main axis. Using equation (7), it can be written:
Considering the radiation along the crystals main axis direction k e , so that , ( , ) 0
. This implies that there is only radiation to the parallel to the main axis part of polarization current with any crystal surface orientation. Using equation (11), one can express the distribution of the transition radiation in a uniaxial crystal though the polarization current density in an isotropic medium 0 ( , )
.This will determine us the transition radiation intensity ratio in a crystal and in isotropic medium: is not dependent on the uniaxial crystal axis direction. That's why, some of the orientational dependences features of transition radiation that is created by charged particle, flying out from an unaxial crystal, can be seeing without using the explicit form of 0 ( , )
, which will be demonstrated below.
Angles and frequencies distribution of transition radiation
If charge moves with the constant velocity z ν at an angle ξ to the crystal surface, where ξ is the angle between velocity direction and surface normal (see figure 1 ), the polarization current density in isotropic medium has the form: Figure 1 . Scheme of a charged particle emission. 
The field is produced by such a particle can be represented as: Furthermore, a case when a charged particle moves through a crystal with an ultrarelativistic speed was considered. In ultrarelativistic case the radiation concentrates at small angles ϑ near the particle velocity, so that one can write cos 
(1 )
. 8 
We would like to note that this distribution is obtained in the first approximation to the difference ( ) ( ) ( ) e o ε ω ε ω ε ω ∆ = − .
Discussion of the results
Let us see, how angles and frequencies radiation distribution in a vacuum, given by equation (17) depends on the angle α between the direction of the charged particles veloсity and the crystal main axis. Ad hoc, the following ratio was considered:
distribution radiation on the angle of particle emission relative to the normal to the surface was investigated.
